PRODUCTION PROCESS FOR SEMICONDUCTOR DEVICE 



BACKGROUND OF THE INVENTION 
Field of the Invention 
5 The present invention relates to a production 

process for a semiconductor device havingmetal electrodes 
such as bumps provided on its surface. 
Description of Related Art 

Some of semiconductor chips have metal electrodes 

10 such as bumps projecting from a surface thereof. For 
example, such a semiconductor chip may be mounted on a 
printed wiring board by flip-chip bonding, or bonded to 
another semiconductor chip in a stacked relation to form 
a semiconductor device of chip-on-chip structure. 

15 In general, the semiconductor chip has an 

insulating film and an aluminum interconnection film 
provided on a surface of a semiconductor substrate which 
serves as a base thereof, and connection pads for external 
electrical connection provided in proper positions on 

20 the surface thereof. A protective film covering the 
outermost surf ace of the semiconductor substrate is formed 
with openings which expose the connection pads 
therethrough . 

A process for forming the bumps generally comprises 

25 the steps of: forming a seed film on the entire surface 
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of a wafer formed with a protective film; forming on the 
seed film a resist film having openings just above the 
connection pads by patterning; and selectively depositing 
a metal material for the bumps to a great thickness in 
5 the openings formed in the resist film. Thereafter, the 
resist film is removed, and then the seed film except 
bump portions thereof is removed* Thus, island-like 
bumps electrically connected to the respective connection 
pads are provided. 

10 As can be understood from the foregoing, the 

formation of the bumps requires complicated steps such 
as the formation of the resist film on a wafer-by-wafer 
basis, so that the process involves an increased number 
of steps thereby hindering the reduction in the production 

15 cost of the semiconductor chip. 
SUMMARY OF THE INVENTION 

It is an object of the present invention to provide 
a production process for a semiconductor device which 
allows for cost reduction by simplifying the step of 

20 forming metal electrodes. 

The process according to the present invention is 
a production process for a semiconductor device having 
a metal electrode provided on a semiconductor substrate 
thereof, and comprises the steps of: forming a metal 

25 electrode portion on a surface of another substrate for 
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electrode transfer; and transferring the metal electrode 
portion from the electrode transfer substrate onto the 
semiconductor substrate by pressing together the 
electrode transfer substrate and the semiconductor 
5 substrate* 

In accordance with the invention, the metal 
electrode portion is formed on the electrode transfer 
substrate, and then transferred from the electrode 
transfer substrate onto the semiconductor substrate, 

10 Therefore, the step of forming a resist film on the surface 
of the semiconductor substrate and the step of patterning 
a seed film on the surface of the semiconductor substrate 
can be obviated. 

The electrode transfer substrate allows for 

15 repetitive formation of the metal electrode portions 
thereon and, hence, can repeatedly be used for a plurality 
of semiconductor substrates. Therefore, the production 
process for the semiconductor device is totally simplified 
thereby to allow for cost reduction. 

20 In accordance with one embodiment of the invention, 

the electrode transfer substrate has a seed film provided 
on the surface thereof, and the step of forming the metal 
electrode portion on the electrode transfer substrate 
comprises the step of depositing a material for the metal 

25 electrode on the seed film by plating. 
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More specif ically, the metal electrode portion is 
formed by depositing the metal material on the seed film 
on the electrode transfer substrate by plating 
(electroplating or electroless plating) . In this case, 
5 the electrode transfer substrate formed with the seed 
film can be used again for formation of a metal electrode 
portion for the next semiconductor device immediately 
after the metal electrode portion is transferred onto 
the semiconductor substrate* The formation of the metal 

10 electrode on the semiconductor substrate is thus achieved 
by the formation of the metal electrode portion on the 
electrode transfer substrate by plating and the transfer 
of the metal electrode portion onto the semiconductor 
substrate, thereby drastically simplifying the process 

15 as compared with the prior art. 

The electrode transfer substrate is preferably 
covered with a patterning film which exposes therefrom 
a portion of the seed film in an electrode portion forming 
position. Thus f the metal electrode material can be 

20 deposited only on the properly exposed portion of the 
, seed film. This obviates the need for formation and 
subsequent removal of a patterning film for 
pattern-formation of the metal electrode portion on the 
semiconductor substrate, thereby further simplifying the 

25 process. 
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The electrode transfer substrate preferably has 
an insulating film which covers the seed film except the 
portion thereof in the electrode portion forming position . 

In this case, the insulating film which serves as 
5 the patterning film which exposes therefrom the portion 
of the seed film in the electrode portion forming position 
is provided on the electrode transfer substrate, so that 
the metal electrode material can selectively be deposited 
on the seed film by electroplating. At this time, there 

10 is no need to cover the electrode transfer substrate with 
an additional patterning film. 

The seed film is preferably composed of such a 
material that the metal electrode portion has a lower 
adhesion affinity for the seed film than for a portion 

15 of the semiconductor substrate on which the metal 
electrode portion is to be transferred. 

In this case, the adhesion between the metal 
electrode portion and the semiconductor substrate is 
superior to the adhesion between the metal electrode 

20 portion and the seed film. Therefore, when the 

semiconductor substrate and the electrode transfer 
substrate are pressed together and then separated from 
each other, the metal electrode portion can assuredly 
be transferred onto the semiconductor substrate. Thus, 

25 the formation of the metal electrode on the semiconductor 



6 



substrate can advantageously be achieved. 

The electrode transfer substrate may be composed 
of a transparent material, and the seed film may locally 
be present in the electrode portion forming position on 
5 the electrode transfer substrate. 

With this arrangement , when the electrode transfer 
substrate is joined with the semiconductor substrate, 
the semiconductor substrate and the seed film can be viewed 
from a rear side of the electrode transfer substrate (which 

10 is opposite from a side thereof on which the metal electrode 
portion is formed). Since the seed film is locally 
present in the electrode portion forming position on the 
electrode transfer substrate, the electrode transfer 
substrate can properly be positioned with respect to the 

15 semiconductor substrate by monitoring the position of 
the seed film and an electrode forming position on the 
semiconductor substrate from the rear side of the 
electrode transfer substrate by proper image pick-up means . 
This ensures precise transfer of the metal electrode 

20 portion. 

A protective film having an opening which exposes 
therethrough an electrical contact portion of the 
semiconductor substrate may be provided on the 
semiconductor substrate. In this case, it is preferred 
25 that the metal electrode portion is formed in a position 
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on the electrode transfer substrate corresponding to the 
position of the electrical contact portion in the step 
of forming the metal electrode portion on the electrode 
transfer substrate, and the metal electrode portion is 
5 transferred onto the electrical contact portion in the 
step of transferring the metal electrode portion. 

Thus, the metal electrode can be provided on the 
electrical contact portion exposed from the protective 
film on the semiconductor substrate. 

10 The foregoing and other objects, features and 

effects of the present invention will become more apparent 
from the following description of the preferred 
embodiments with reference to the attached drawings. 
BRIEF DESCRIPTION OF THE DRAWINGS 

15 Fig. 1 is a sectional view illustrating the 

construction of a semiconductor chip to be produced 
through a process according to one embodiment of the 
present invention; 

Fig. 2 is a perspective view illustrating the 

20 construction of an electrode transfer substrate which 
is used for formation of bumps on a surface of the 
semiconductor chip; 

Fig. 3 is a sectional viewof the electrode transfer 
substrate; 

25 Fig. 4 is a plan view illustrating the construction 
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of the electrode transfer substrate with an insulating 
film on the surface thereof being removed; 

Figs. 5A and 5B are sectional views for explaining 
the sequence of steps of a process for producing the 
5 electrode transfer substrate; 

Figs. 6A, 6B, 6C and 6D are sectional views for 
explaining a process for forming bumps on the 
semiconductor chip with the use of the electrode transfer 
substrate; and 

10 Fig. 7 is a schematic diagram for explaining the 

construction of an apparatus for transferring bump 
portions from the electrode transfer substrate to the 
semiconductor chip. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
15 Fig. 1 is a sectional view illustrating the 

construction of a semiconductor chip to be produced 
through a process according to one embodiment of the 
present invention. The semiconductor chip 10 has a 
semiconductor substrate 1, an insulating film 2 formed 
20 on a surface of the semiconductor substrate 1, aluminum 
interconnections 3 formed on the insulating film 2, and 
a protective film 4 covering the aluminum interconnections 
3. Openings 4a are formed in the protective film 4 above 
pads P (electrical contact portion) which are parts of 
25 the aluminum interconnections 3 . Surface portions of the 
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aluminum interconnections 3 exposed through the openings 
4a are respectively covered with barrier metal layers 
5 such as of TiW. Bumps B of an oxidation-resistant metal 
such as gold, palladium, titanium, silver or iridium are 
5 respectively provided on the barrier metal layers 5 as 
projecting therefrom. 

The surface of the semiconductor substrate 1 is 
a surface on the side of an active surface region formed 
with functional devices (not shown) such as a transistor 

10 and a resistor constituting internal circuitry. The 
aluminum interconnections 3 are connected to the 
functional devices provided in the active surface region. 
Where a multi-level interconnection structure having 
plural levels of interconnections is employed, aluminum 

15 interconnections of an upper level are connected to 
aluminum interconnections of a lower level. 

The semiconductor chip 10 having the aforesaid 
construction is mounted on a printed board by so-called 
flip-chip bonding in such a manner that the surface thereof 

20 formed with the bumps B is opposed to the printed board, 
or bonded to a second semiconductor chip with their faces 
being opposed to each other to form a semiconductor device 
of so-called chip-on-chip structure. In this case, the 
bumps B serve for electrical connection between the 

25 internal circuitry of the semiconductor chip 10 and a 
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solid device such as the printed board or the second 
semiconductor chip and for mechanical bonding of the 
semiconductor chip 10. 

Fig. 2 is a perspective view illustrating the 
5 construction of a substrate 20 for electrode transfer 
which is used for formation of the bumps B on the surface 
of the semiconductor chip 10, and Fig. 3 is a sectional 
view thereof. In this embodiment, the formation of the 
bumps B is achieved by forming bump portions B on the 

10 electrode transfer substrate 20 and then transferring 
the bump portions B from the electrode transfer substrate 
20 onto the semiconductor chip 10 by pressing together 
the electrode transfer substrate 20 and the semiconductor 
chip 10 in an opposed relation. 

15 The electrode transfer substrate 20 comprises , for 

example, a rectangular glass substrate 21 having a larger 
plan area than the semiconductor chip 10. A plurality 
of seed film portions S (hatched in Fig. 2) are provided 
on one surface of the glass substrate 21 as exposing from 

20 an insulating film 22 having a pattern corresponding to 
an array of the pads P of the semiconductor chip 10. 

Fig. 4 is a plan view illustrating the electrode 
transfer substrate 20 with the insulating film 22 removed. 
The seed film portions S are each connected to adjacent 

25 ones via interconnection film portions W composed of the 
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same material as the seed film portions S. An elongated 
electrode connector C is provided along one edge of the 
glass substrate 21 , and connected to some of the seed 
film portions S located in the vicinity thereof via 
5 interconnection film portions W. Thus , all the seed film 
portions S are electrically connected to the electrode 
connector C. The electrode connector C is exposed from 
the insulating film 22 as shown in Fig. 2. 

The insulating film 22 selectively covers 

10 peripheral edges of the seed film portions S and the 
interconnection film portions W f and has openings 22a 
which expose therethrough portions (center portions) of 
the seed film portions S except the peripheral edges. 
The insulating film 22 is composed, for example, of silicon 

15 oxide or silicon nitride. 

Figs. 5A and 5B are sectional views for explaining 
the sequence of steps of a process for producing the 
electrode transfer substrate 20. The seed film portions 
S, the interconnection film portions W and the electrode 

20 connector C (in Figs. 5A and 5B, the interconnection 
portions W and the electrode connector C are not shown) 
are formed on the surface of the glass substrate 21 by 
patterning through a known photolithography process ( Fig . 
5A) . More specifically, a thin metal film suitable as 

25 a plating seed is deposited on the surface of the glass 
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substrate 21, for example, by sputtering. Thereafter, 
a resist pattern having openings for the seed film portions 
S, the interconnection film portions W and the electrode 
connector C is formed on the resulting surface, and then 
5 the thin metal film is patterned by etching. Thus, the 
seed film portions S, the interconnection film portions 
W and the electrode connector C remain on the surface 
of the glass substrate 21. 

In turn, the insulating film 22 is formed by a CVD 

10 ( chemical vapor deposition ) process as covering the entire 
surface of the glass substrate 21. Then, a resist film 
30 having openings 30a for the seed film portions S is 
formed on the insulating film 22(Fig.5B). In this state, 
the resulting surface is subjected to etching by using 

15 the resist film 30 as a mask, whereby the openings 22a 
are formed in the insulating film 22 to expose therethrough 
the center portions of the seed film portions S. Then, 
the resist film 30 is removed. Thus, the electrode 
transfer substrate 20 having the construction shown in 

20 Figs. 2 to 4 is provided. 

Figs. 6A to 6D are sectional views for explaining 
a process for forming the bumps B on the semiconductor 
chip 10 with the use of the electrode transfer substrate 
20. As shown in Fig. 6A, the bump portions B are first 

25 formed on the seed film port ions S of the electrode transfer 
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substrate 20 by electroplating. Power supply to the seed 
film portions S is achieved with the use of the electrode 
connector C. 

In turn, as shown in Fig. 6B, the surface of the 
5 electrode transfer substrate 20 formed with the bump 
portions B is opposed to a surface of a semiconductor 
chip 10 , and then the electrode transfer substrate 20 
is properly positioned with respect to the semiconductor 
chip 10 with the bump portions B being opposed to the 

10 corresponding pads P. 

Subsequently, the bump portions B are pressed 
against the pads P by pressing together the electrode 
transfer substrate 20 and the semiconductor chip 10 as 
shown in Fig. 6C. 

15 When the electrode transfer substrate 20 is 

thereafter separated from the semiconductor substrate 
1 as shown in Fig. 6D, the bump portions B are transferred 
from the electrode transfer substrate 20 onto the pads 
P of the semiconductor chip 10. Thus, the bumps B can 

20 be formed on the surface of the semiconductor chip 10. 

For proper transfer of the bumps B from the 
electrode transfer substrate 20 to the semiconductor chip 
10 f the seed film portions S are composed of such a material 
that the bump portions B have a lower adhesion affinity 

25 for the seed film than for the barrier metal layer 5. 
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Where the bump portions B are composed of gold and the 
barrier metal layer 5 is composed of TiW, for example, 
the seed film portions S may be composed/ for example, 
of Cr (chromium). 
5 Fig. 7 is a schematic diagram for explaining the 

construction of an apparatus for transferring the bump 
portions B from the electrode transfer substrate 20 onto 
the semiconductor chip 10. The apparatus includes a chip 
holder 51 having a holder surface 51a for holding a 

10 semiconductor chip 10, and an electrode transfer substrate 
holder 52 for holding the electrode transfer substrate 
20 parallel to the holding surface 51a above the chip 
holder 51. The electrode transfer substrate holder 52 
is adapted to hold peripheral edges of the electrode 

15 transfer substrate 20 and to be moved horizontally along 
a horizontal plane (along the holding surface 51a) and 
moved vertically up and down (perpendicularly to the 
holding surface 51a) by the operation of a driving 
mechanism 54. 

20 The glass substrate 21 which serves as a base of 

the electrode transfer substrate 20 is transparent, so 
that the semiconductor chip 10 held by the chip holder 
51 can be seen through a region of the glass substrate 
not formed with the seed film portions S from an upper 

25 side of the electrode transfer substrate 20 (from a side 
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opposite from the chip holder 51). A CCD camera 53 as 
an image pick-up device is disposed above the electrode 
transfer substrate 20 held by the electrode transfer 
substrate holder 52. The CCD camera 53 captures an image 
5 of the seed film portions S on the electrode transfer 
substrate 20 , and further captures an image of the surface 
of the semiconductor chip 10 through the electrode 
transfer substrate 20. 

An image signal outputted from the CCD camera 53 
10 is inputted into a control device 55. The control device 
55 controls the driving mechanism 54 to horizontally and 
vertically move the electrode transfer substrate holder 
52 . 

The control device 55 controls the operation of 
15 the driving mechanism 54 in such a state that the 

semiconductor chip 10 yet to be formed with the bumps 
B is held by the chip holder 51 and the electrode transfer 
substrate 20 formed with the bump portions B is held by 
the electrode transfer substrate holder 52. More 
20 specif ically f the driving mechanism 54 is operated, with 
reference to the image signal from the CCD camera 53 , 
so that the electrode transfer substrate holder 52 is 
horizontally moved to align the bump portions B with the 
pads P as viewed in plan. That is, the electrode transfer 
25 substrate 20 is properly positioned with respect to the 
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semiconductor chip 10 so that the bump portions B (or 
seed film portions S) can be projected exactly on the 
pads P of the semiconductor chip 10. 

Further, the control device 55 controls the driving 
5 mechanism 54 to move down the electrode transfer substrate 
holder 52 toward the chip holder 51, whereby the bump 
portions B on the electrode transfer substrate holder 
52 are pressed against the pads P of the semiconductor 
chip 10 . The downward movement of the electrode transfer 

10 substrate holder 52 may be carried out simultaneously 
with the horizontal movement thereof for the positioning 
of the electrode transfer substrate 20 with respect to 
the semiconductor chip 10. Alternatively , the electrode 
transfer substrate holder 52 may be moved downward after 

15 the positioning by the horizontal movement. 

Subsequently , the control device 55 controls the 
driving mechanism 54 to move up the electrode transfer 
substrate holder 52, whereby the electrode transfer 
substrate 20 is separated from the semiconductor chip 

20 10. Thus, the bump portions B are transferred from the 
electrode transfer substrate 20 onto the semiconductor 
chip 10. 

Thereafter, the electrode transfer substrate 20 
is used again for formation of bumps on another 
25 semiconductor chip. That is, bump portions are formed 
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again on the surface of the electrode transfer substrate 
2 0 by plating f and then transferred onto pads of the another 
semiconductor chip. Thus, the electrode transfer 
substrate 20 can repeatedly be used for formation of bumps 
5 on a plurality of semiconductor chips. 

In accordance with this embodiment, the bump 
portions B are formed on the electrode transfer substrate 
20 and then transferred onto the semiconductor chip 10. 
Therefore, there is no need to subject the semiconductor 

10 substrate 1 to a complicated process for formation of 
the bumps B by patterning. In addition, the electrode 
transfer substrate 20 can repeatedly be used with no need 
for formation of a resist pattern and, hence, the formation 
of the bump portions B in a predetermined pattern can 

15 be achieved simply by subjecting the electrode transfer 
substrate to electroplating. Therefore, the bumps B can 
be formed on the semiconductor chip 10 through an extremely 
simplified process by properly preparing the electrode 
transfer substrate 20. 

20 Further, the electrode transfer substrate 20 can 

be used in common for different types of semiconductor 
chips if the chips have the same pad arrangement. 

While one embodiment of the present invention has 
thus been described, the invention may be embodied in 

25 any other ways. In the embodiment described above, the 
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transfer of the bump portions B is achieved by pressing 
together the semiconductor chip 10 and the electrode 
transfer substrate 20, Otherwise, the bump portions may 
be transferred onto a semiconductor wafer before 
5 semiconductor chips are cut out of the semiconductor wafer . 
This apparently results in drastic improvement in 
production efficiency. In this case, an electrode 
transfer substrate is prepared which has a pattern of 
seed film portions for the plurality of semiconductor 

10 chips yet to be cut out of the semiconductor wafer. If 
the electrode transfer substrate has a larger size than 
the semiconductor wafer, the handling of the electrode 
transfer substrate may be facilitated when the electrode 
transfer substrate is moved toward the semiconductor 

15 wafer. 

Although the bump portions are formed on the 
electrode transfer substrate by depositing the bump 
material by electroplating in the aforesaid embodiment, 
the formation of the bump portions may be achieved by 

20 electroless plating. In this case, the provision of the 
interconnection film portions W and the electrode 
connector C is obviated. 

It is noted that the semiconductor substrate 1 may 
be composed of any of semiconductor materials including 

25 silicon semiconductor, germanium semiconductor and 
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compound semiconductors (e.g., gallium arsenide 
semiconductor). 

While the present invention has been described in 
detail by way of the embodiment thereof, it should be 
5 understood that the foregoing disclosure is merely 
illustrative of the technical principles of the present 
invention but not limitative of the same. The spirit and 
scope of the present invention are to.be limited only 
by the appended claims. 
10 This application claims priority benefits under 

35 USC Section 119 on the basis of Japanese Patent 
Application No. 11-45214 filed to the Japanese Patent 
Office on February 23, 1999, the disclosure thereof being 
incorporated herein by reference. 
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